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ABSTRACT 
 
This paper presents an investigation of the effect of the width-to-thickness ratio of 
steel plates in steel-concrete composite beams. A total of 13, 200x350x3000 mm 
reinforced concrete beams were tested. The first group of beams was strengthened 
with 6 mm steel plates and the second group of beams was strengthened with 8 mm 
steel plates, in flexure. All beams were tested under two-point static loading system. 
The results show that the addition of glued steel plates to a reinforced concrete can 
substantially increase the flexural stiffness of beams, reduce cracking and structural 
deformations at all load levels.  
Keywords: Epoxy, steel plates, width-to-thickness ratio, reinforced concrete beams, 
plate separation, and diagonal shear cracking.   
 
1.0 INTRODUCTION 
 
The need for strengthening reinforced concrete structures arises as a result of 
increased load carrying capacity of the structure, design or construction faults, usage 
of inferior materials during construction and old age or a combination of these factors. 
The technique of gluing a mild steel plate to the tension side of the reinforced 
concrete structure has been proved to be the most effective and convenient technique 
to enhance flexural and shear performance of reinforced concrete beams under service 
load and ultimate load.  
 
2.0 EXPERIMENTAL PROCEDURE 
 
Ready mixed concrete mixture was used to cast all the specimen and cubes. After 28 
days, the cubes were tested to give an average compressive strength of 33.2 MPa. 
Two, high yield deformed bars of 10 mm and 12 mm in diameter (Ø), and 
corresponding strength of 489.9 and 538.6MPa were used as compression and tension 
reinforcement for beams, respectively. Plain mild steel bars of 8 mm in diameter and 
368.7MPa strength were used as shear links. The beams were strengthened with 6 mm 
and 8 mm thick steel plates of 293.5 and 477.6 yield strength, respectively.  
 
A total of 14 reinforced concrete beams, 3000 mm long by 200 mm wide by 350 mm 
deep, were tested under two-point static loadings, over a full span of 2800 mm and 
shear span of 933.3 mm. Two of the tested beams were used as control beams (CB-1 
and CB-2), that is, they were not strengthened, while the remaining 12 beams are 
externally strengthened with steel plates. The 12 beams were divided into two groups 
according to the thickness of the plates. The first group of 6 specimens was 
strengthened with 6mm thick plates (S6-75 to S6-200), whilst the second group was 
strengthened with 8mm thick plates (S8-75 to S8-200). For each plate thickness, the 
width of the bonded steel plates varied from 75 mm to 200 mm, in increments of 25 
mm. Before the steel plate could be bonded to concrete with an epoxy adhesive, the 
surfaces of the concrete were scabbled so as to expose the coarse aggregates and the 
mild steel plates were sandblasted. This was done to ensure that a strong bond is 
achieved. The beams were subjected to a load increment of 3 mm/min, using a 250 
kN-Instron machine. 
 
6.0 STRENGTH RESULTS 
 
All plated beams showed a delay in appearance of the first crack and a substantial 
increase in both serviceability and ultimate load, as well as a decrease in deflection, 
compared to the control beam. Table 2 gives a summary of the experimental and 
code-predicted results. In this table, Pmax is the maximum applied load, Pc is the 
average maximum load of the 2 control beams, Mmax is the maximum applied moment 
and Mr is the code predicted moment of resistance calculated based on composite 
action (SANS 10100-1 [1]).  
 
Table 2 Flexural test results  
Specimen b/t Pmax 
(kN) 
Mmax 
(kN.m) 
Mr 
(kN.m) 
Pmax/Pc  Mmax/Mr Failure mode 
C1 - 75.08 35.04 34.88 1.03 1.01 Flexure 
C2 - 71.33 33.29 34.88 0.97 0.95 Flexure 
S6-75 12.50 135.82 63.38 89.09 1.86 0.71 Shear peeling 
S6-100 16.67 127.83 59.65 104.74 1.75 0.57 Shear peeling 
S6-125 20.83 173.79 81.10 119.36 2.37 0.68 Shear peeling 
S6-150 25.00 157.32 73.42 132.93 2.15 0.55 Shear peeling 
S6-175 29.17 181.12 84.52 145.47 2.47 0.58 Shear peeling 
S6-200 33.33 208.96 97.52 156.96 2.85 0.62 Delamination 
S8-75 9.38 108.22 50.50 104.98 1.48 0.48 Shear peeling 
S8-100 12.50 73.71 34.40 124.31 1.01 0.28 Shear peeling 
S8-125 15.63 87.61 40.88 141.79 1.20 0.29 Shear peeling 
S8-150 18.75 78.11 36.45 157.43 1.07 0.23 Shear peeling 
S8-175 21.88 89.98 41.99 171.23 1.23 0.25 Shear peeling 
S8-200 25.00 161.87 75.54 183.17 2.21 0.41 Shear peeling 
 
The results in Table 2 shows that there is a substantial increase in the capacity of the 
beams when they are strengthened with 6 mm and 8 mm steel plates. These results 
also show that that the maximum load of strengthened beams increases as the width-
to-thickness ratio of the bonded steel plate increases. All plated beams showed an 
increase in flexural stiffness. This helped to control cracking and deformations at all 
load levels. Table 2 also indicate that the predicted flexural strengths, calculated based 
full yileding, are much higher than the experimental flexural strength. The low 
strength values were caused by premature failure or plate separation of the beams. 
Premature failure was more evident in beams, strengthened with 8 mm steel plates, 
than beams strengthened with 6mm steel plates.  
 
7.0 CONCLUSION 
 
The provision of external steel plate increased the flexural capacity of the RC beam 
by as much as 285% if a 6 mm steel plate is used and by as much as 221.12% when an 
8 mm steel plate is used. All strengthened reinforced concrete beams failed 
prematurely by plate debonding or plate separation. Plate separation was caused by 
inadequate surface preparation of the concrete beams and steel plates, and imperfect 
gluing and bonding procedure. Strengthening RC beams with steel plate increased the 
flexural stiffness, reduced cracking and structural deformations at all load levels.  
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